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Abstract 
Three Traffic Incident Management (TIM) Performance Measures were defined in the recent research project 
“Federal Highway Administration Focus States Initiative (2009): Traffic Incident Management Performance 
Measures”, including incident clearance time, roadway clearance time, and the number of secondary crashes. 
Theoretically, the ending time of roadway clearance time is a function of incident clearance time and other traffic and 
roadway characteristics.  This research explored the relationship between incident clearance time and roadway 
clearance time using micro-simulation VISSIM modelling to run different traffic incident scenarios.  Approximately 
50 traffic incident scenarios were developed to generate the data for different types of incidents under traffic 
conditions.  Number of through lanes, number of blocked lanes, and traffic volumes were some of the variables 
being considered.  Then, a mathematic model was developed to demonstrate the relationship between roadway 
clearance time and incident clearance time. 
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of Beijing Jiaotong 
University (BJU) and Systems Engineering Society of China (SESC).  
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1. Introduction  
Traffic Incident Management (TIM) consists of a planned and coordinated multi-disciplinary process 
to detect, respond, and clear traffic incidents so that traffic flow may be restored as safely and quickly as 
possible. Effective TIM reduces the duration and impacts of traffic incidents and improves the safety of 
motorists, crash victims, and emergency responders. TIM performance measures include incident 
clearance time, roadway clearance time, and the number of secondary crashes. Incident clearance time 
was defined as the time between the first record of incident by a responsible agency and the first 
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confirmation that all evidence of the incident was removed or the last responder left the incident scene.  
Roadway clearance time was defined as the time between the first record of incident by a responsible 
agency and the first confirmation that all lanes returned to fully operational status. These two measures 
play the most important roles in TIM. Therefore, their accuracy is critical for providing better decision 
making (Ozbay, K., Noyan, N.2006).Incident clearance time can be easily calculated by measuring the 
duration between the incident recording time and last evidence removing time or last responder leaving 
time.  Theoretically, roadway clearance time is a function of incident clearance time.  However, the 
roadway clearance time is difficult to estimate in the field due to challenges in determining when traffic 
lanes return to pre-incident condition. Based on incident clearance time, traffic volume, and roadway 
geometric condition, the roadway clearance time can be estimated through mathematical models. The 
central objective of this research is to determine the correlating relationship between incident clearance 
time and roadway clearance time. The traffic micro-simulation software, VISSIM, was used to simulate 
different traffic incident scenarios in this project.  
2. Literature review 
Many studies focused on roadway clearance time estimation based on predictive techniques have been 
conducted in recent years.  By utilizing various data sources, predictive variables, and mathematical 
models, these studies have obtained some innovative results on estimating roadway clearance time.  
Probabilistic distribution is a simple method to predict roadway clearance time. This distribution has 
the ability to show the mean and variance of roadway clearance time, and to calculate the probability of 
the clearance time lasting certain minutes.  Golob et al. conducted research in analyzing freeway 
incidents involving trucks and is considered one of the earliest studies in this area (Golob, etc. 1987). 
Furthermore, the lognormal distribution established a model to calculate the probability of a roadway 
clearance time lasting for a particular duration of time.  The probability of a roadway clearance time 
lasting less than a particular duration of time was able to be calculated by the cumulative distribution 
function.  Giuliano (1989), Garib et al (1997), and Sullivan (1997) conducted studies using the 
lognormal distribution to describe roadway clearance time. Besides the lognormal distribution, other 
statistical probabilistic distributions, such as log-logistic and Weibull, are suitable for this field of study.  
Log-logistic distribution was used by Jones et al (1991) to analyzeroadway clearance timedata collected 
from the Seattle area. The Weibull distribution could be used to describe incident data found by Nam and 
Mannering (2000).  
The linear regression function is another basic prediction model that has the ability to estimate the 
influence of incident characteristics on roadway clearance time. Ozbay and Kachroo (1999) from 
Northwestern University analyzed 121 incidents from the Chicago area and found the following nine 
statisticallysignificant variables: heavy wrecker (WRECKER),assistance from other response agencies 
(OTHER), sand/salt pavement operations(SAND), number of heavy vehicles involved (NTRUCK), heavy 
loading (HEAVY),liquid or uncovered broken loadings in heavy vehicles (NONCON), severe injuries 
invehicles (SEVINJ), freeway facility damage caused by incident (RDSIDE), and extremeweather 
conditions (WX). Two other variables were deemed useful but not statisticallysignificant: response time 
(RESP) and incident report (HAR). The regression modeldeveloped is as follows: 
Clearance Time=14.03 + 35.57(HEAVY) + 16.47(WX) + 18.84(SAND) – 2.31(HAR) +0.69(RESP)  
        +27.97(OTHER) + 35.81(RDSIDE) + 18.44(NTRUCK) +32.76(NONCON)  
+ 22.90(SEVINJ) + 8.34(WRECKER)  
Based on the analysis of 205 incidents in Oakland, California, Garib et al (1997) established a linear 
regression model with the following six statistically significant variables: number of lanes affected(X1), 
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number of vehicles involved (X2), binary variable for truck involvement (X3), binary variable for time of 
day (X4), natural logarithm of police response time (X5), and binary variable for weather conditions (X6). 
The log-based regression model is given by:  
Log (Duration) = 0.87 + 0.027 X1 X2 + 0.2 X3 – 0.17 X4 + 0.68 X5 – 0.24 X6 
According to some recent studies, logistic regression models to forecast roadway clearance time have 
proven to be more accurate than the linear regression model.  Gomez (2005) [20]performed a study on 
the roadway clearance time model and secondary incident causation model based on archived traffic 
managementcentre data.  Based on the existing research in the past, this study recognized that the 
relationship between incident characteristics and their duration and probability to cause a secondary 
incident are not of linear nature. The two new logistic regression models developed by this study provide 
a method to make reasonable judgments with both roadway clearance time and the probability to cause a 
secondary incident.Based on the analysis and modeling results, some of the significant conclusions are as 
follows: “(1) Incidents occurring during weekdays and peak hours (especially afternoon peak hours) are 
shown to have smaller clearance times compared to incidents occuring during weekends and non-peak 
hours respectively.(2) Incidents occuring at sites well monitored by closed circuit cameras are shown to 
have smaller clearance times than incidents occurring at other sites.(3) Incidents having very high 
clearance times (e.g., an hour or more) are shown to exhibit high probabilities of secondary incident 
causation over incidents with median clearance times.” 
Khattak et al. (1995) intended to develop a new methodology of time sequential models by a small 
sample of incidents.  This study states that most prediction models of roadway clearance time have little 
operational valuation due to requiring knowledge of all incident variables.  In this research, incident 
duration was separated into distinct stages based on the availability of incident information.  Each stage 
was predicted by a truncated regression model.  More variables could be implemented into the models to 
predict the roadway clearance time when the corresponding piece of incident information was made 
available at that stage.  The results were neither validated nor tested due to a small sample size of 109 
incidents. 
3. Methodology 
The main purpose of this research is to establish mathematical models to estimate roadway clearance 
time.In order to achieve this goal, the VISSIM micro-simulation software was chosen to generate the data 
for the development of mathematical models. The step-by-step methodology used to establish and 
construct the predicting methodswas as follows: 
x Create and build the highway network in VISSIM. 
x Adjust the parameters of the VISSIM model to simulate the highway situation. 
x Setup the evaluations in the highway network for data collection. 
x Run three types of scenarios of differing numbers of closed lanes. 
x Input the different variables of incident clearance time into the VISSIM model. 
x Input the different variables of traffic volume into the VISSIM model. 
x Obtain the roadway clearance time data from the filters output. 
x Analyze the difference between incident clearance time and roadway clearance time 
x Display the observed differencesin graphical form using SIGMAPLOT. 
x Establish the mathematic model to showthe differencesin the MINITAB and MATLAB 
programs. 
x Evaluate the performance of the developed model. 
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x Calibrate the developed model by using traffic incident data from IDOT.Traffic Incident 
Scenario 
4. Traffic incident scenario 
In this study, a 4-lanefreewaywas simulated. A traffic incident in VISSIM was treated as a bus stop.  
The location and duration of the bus stop can be set at the same parameters as the incident duration.  The 
first step in coding a traffic incident in VISSIM is to define the routes of “Public Transport Lines” along 
the freeway. The next step involves setting up the “Public Transport Stop” along the “Public Transport 
Lines” at the anticipated incident location. The effects of a bus stopping at the bus station on the through 
traffic lanes are similar to the effects of a traffic incident.  Based on the definition of incident clearance 
time, the buses dwell time should be equal to the incident clearance time.  The last step is inputting 
different “bus dwell times”to model a sample incident clearance time to simulate different scenarios. The 
dwell times ranged from 1,800 seconds to 7,200 seconds with an increment of 900 seconds. 
Four-lane freeways (two lanes in each direction), often undivided, are built when traffic volumes have 
low or medium volumes in rural or suburban areas. For this type of freeway, the VISSIM model has a 
freeway link of 12.5 miles length with the incident occurring at the 12 mile station. Therefore, the 
maximum distance of traffic queueing is 12 miles. TIM responders only close one traffic lane as a 
Temporary Traffic Control (TTC) zone. The closed traffic lane is typically the first outside lane, which 
can be combined with the shoulder to provide a wider zone to protect the drivers’ safety and support the 
TTC zone.  
For the 4-lane freeways, a total of49 scenarios were simulated for different combinations of different 
incident clearance times and different traffic volumes. The incident clearance time increasesfrom 1,800 to 
7,200seconds in increments of900 seconds. The traffic volume increases from 1,800 to 3,600 vehicles per 
hour (vph) with increments of 300 vph. 
5. Data analysis 
VISSIM Results and Analysis. A database was developed from the outputs of all the simulation runs.  
The variables includedthe roadway clearance time dependent variable and the following independent 
variables: incident clearance time, number of lane closures, and traffic volume. The difference between 
incident clearance time and roadway clearance time was defined as incident recovery time in this study. 
The recovery times for one-lane closures on 4-lane freeways are shown in Table 1. The different 
combinations of two independent variables generate 49 different scenarios.   
Table 1. Recovery time for one-lane closures on 4-lane freeways 
 1800v/h 2100v/h 2400v/h 2700v/h 3000v/h 3300v/h 3600v/h 
1800s 60s 60s 300s 420s 380s 620s 1160s 
2700s 60s 60s 360s 540s 560s 1040s 1880s 
3600s 60s 60s 420s 540s 740s 1580s 2480s 
4500s 60s 60s 540s 600s 1040s 2000s 3020s 
5400s 60s 60s 660s 720s 1280s 2240s 3740s 
6300s 60s 60s 780s 780s 1460s 2700s 4360s 
7200s 60s 60s 900s 780s 1640s 3080s 5120s 
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Fig. 1. Recovery time for one-lane closures on 4-lane freeways 
The resultsshow that the recovery time increases with the increase of incident clearance time and 
traffic volumes respectively. If the incident clearance time is certain, the recovery time will increase due 
to the traffic volume increase. The same trend is observed in the case with a fixed traffic volume. The 
recovery time will increase as the incident clearance time increases. However, the roadway clearance time 
is the same as incident clearance time when the traffic volume is lower than 2,100 vehicles per hour.  
This implies that there will be no traffic queueing if the traffic volume is lower than the capacity of the 
roadway. Fig. 1 displaysthe recovery time between incident clearance time and roadway clearance time 
in3-D format. The X-axisdisplays incident clearance time; the Y-axis displays traffic volume; and the 
Z-axis displays recovery time. Fig. 1 shows that the recovery time will increase if there is an increment in 
either incident clearance time or traffic volume. Furthermore, the recovery time is more sensitive to the 
traffic volume than the incident clearance time.  
6. Mathematical models 
Using the database developed from the outputs of simulation models, mathematical models were 
developed using the MINITAB and MATLAB programs.  According to the VISSIM results and analysis, 
the recovery time was found to demonstrate a strong relationship with two independent variables: incident 
clearance time and traffic volume.  Based on the data analysis, two types of mathematical models were 
utilized to demonstrate the relationship.  The first mathematical model is represented by the equation 
“ln(y+1)= f (x1, x2, x1
2, x2
2, x1x2)” while the other mathematical model isrepresented by the equation “y =f 
(x1, x2, x1
2, x2
2, x1x2)”.
Based on the data analysis, the second mathematical model has a better statistical goodness of fit. The 
final equation is shown as follows in Eq. (1): 
R= 8248 - 0.796(I)- 6.27(V) + 0.00114(V2)+ 0.000379(I)(V)…         (1) 
where R = Recovery time; I = Incident clearance time; V = Traffic volume; Roadway Clearance Time = 
Incident Clearance Time + Recovery Time; R-Sq. = 96.0%.  
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Fig. 2. 3D Graph of Equation 1 
The R-Sq. is 96.0%, which shows that the goodness of fit of this model meets the mathematics 
requirement and reaches a high credibility level.  Fig. 2 shows the 3-D graph base of this model.  
In the Fig. 2, the X-axis shows incident clearance time, the Y-axis shows traffic volume, and the 
Z-axis shows recovery time.  Comparing with Figure 1, Figure 2 has the same trend and outline. This 
indicates that the model can efficiently describe the relationship between recovery time and incident 
clearance time and traffic volumes.   
7. Conclusions 
In this research, VISSIM was used to develop mathematical models for 4-lane freeways based on three 
variables: number of blocked lanes, incident durations, and traffic volumes. Using the database developed 
from the outputs of VISSIM simulation models, mathematical models were developed through the 
MINITAB and MATLAB programs. The recovery time was found to demonstrate a strong relationship 
with two independent variables: incident clearance time and traffic volume.  This research provides an 
effective framework for determining the relationship between incident clearance time and roadway 
clearance time.  Due to the page limit, the results for six-lane and eight-lane freeways were not included 
in this report. 
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